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A B S T R A C T   

In SARS-CoV-2, at the S1/S2 furin cleavage site, a four amino acid insert (P-R-R-A) not found in closely related 
corona viruses, has been shown to facilitate entry into respiratory epithelial cells and promote virus transmission, 
infectivity and virulence. By cupric aerosol treatment, complexation of these four amino acids (-P-R-R-A-), at the 
spike (S) protein site will lead to a conformational change possibly impeding SARS-CoV-2 replication process in 
the respiratory track. Since these four amino acids yield strong and stable copper complexes, subsequent to a 
steric hindrance, this complexation will disturb the furin-like protease cleavage at the spike protein site as it has 
been recently shown in vitro with copper gluconate. 

The compilation of stability constants for copper amino-acid complex formation, showing values of the same 
order of magnitude for all the twenty proteinogenic amino-acids demonstrate thermodynamically that copper 
amino-acid chelation for SARS-CoV-2 virus will not be affected by mutations leading to amino acid exchanges in 
the spike protein region. Given its low toxicity, and its very low stability formation constant, copper acetate is 
proposed rather than copper gluconate for possible cupric aerosol or nasal spray treatments aimed at impeding 
SARS-CoV-2 multiplication. It will open different medical perspectives, complementary to vaccination, in the 
fight against COVID 19 native virus, variants and future mutants.   

Introduction 

Since the end of 2019, subsequent to the spread throughout the 
world of the causative agent SARS-CoV-2, a severe acute respiratory 
syndrome, COVID 19, has taken on epidemic proportions, with dramatic 
consequences from the health, economic and social standpoints. In the 
observed SARS-CoV-2 structure, a four amino acid insert (-P-R-R-A-) 
facilitating viral entry into respiratory epithelial cells through their 
ACE2 receptor has been found at the spike (S) protein site. This insert, at 
the interface between the S1 receptor binding and the S2 fusion sub
units, is responsible for a new potential protease cleavage site for furin- 
like proteases [1]. 

In addition to this structural fracture, the carboxylic and amine 
groups in these amino acids have free electronic doublets on the nitro
gen or oxygen atoms that may be involved in metal complex formation 
by semi-polar bindings. Acting as electron donors, free electronic dou
blets yield amino acids as Lewis bases that can be involved in coordi
nation links with Lewis acids such as transition 3d metals. As 

interactions have been suspected between viral infections and trace el
ements [2], metal hybridization can lead to the formation of metallic 
complexes with the 3d transition metals, mainly copper, which is able to 
complex with amino acids. With a single 4 s electron filling responsible 
for special redox properties, this metal appears as an interesting element 
having an antiviral activity, and it might be the best 3d transition metal 
for a possible aerosol or nasal spray treatment. 

In the human body, copper is present as Cu+ (cuprous) and oxidized 
Cu2+ (cupric) compounds; it is an intermediary for electron transfer in 
redox reactions and can produce free radicals by Haber-Weiss and 
Fenton reactions. The antiviral activities of Cu2+ ions seem to be effec
tive inhibitors for viral entry and replication, mRNA and capsid protein 
degradations during the viral life cycle, and it may be hypothesized that 
copper and copper-complexes have beneficial antiviral action with re
gard to ROS-mediated virus death [3]. In this respect, a recent review on 
COVID19 has evoked the role of copper in association with antiviral 
treatments against SARS-CoV-2 [4], and it has also been shown that on 
copper-coated surfaces, the virus was inactivated within two hours [5]. 
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All of these facts demonstrating copper toxicity against SARS CoV-2 
might be linked to the property of copper to bind and complex with 
the four amino acids in the insertion sequence at the spike protein 
junction. To stop SARS-CoV-2 pulmonary cell penetration, it appears 
possible to disturb spike furin-like protease cleavage by means of copper 
amino acid complexation through copper aerosolization in the imme
diate vicinity of the virus. 

Hypothesis 

Copper amino acid complex formation 

Copper complexation with amino acids can be schematized as 
follows:  

Equilibrium I Cu++ + AA ↔ [Cu-AA] K1= |[Cu-AA]|/|Cu++| x | 
AA|                                                                                                      

Equilibrium II [Cu-AA] + AA ↔ [Cu(AA)2] K2= |[Cu-(AA)2]|/|[Cu- 
AA]| x |AA|                                                                                          

and when considering the four amino acids (-P-R-R-A-) involved in 
the spike protein site insert, the stability formation constants are 
respectively:  

Proline: log β1 = 9,40 [6] log β1β2 = 16,60 [7] 
Arginine: log β1 = 7,38 [8] log β1β2 = 13,66 [8] 
Alanine: log β1 = 8,15 [9] log β1β2 = 14,95 [9]  

These stability constants in the formation of copper amino acid com
plexes demonstrate that copper proline, copper arginine and copper 
alanine chelates are highly stable, and one can expect similar results if 
the amino acids are included in a peptide sequence such as the SARS 
CoV-2 spike protein site. In order to form complexes with these spike 
protein amino acids, the copper ion would need to be in the immediate 
vicinity of the virus, and complementarily to vaccination, copper aerosol 
treatment appears to be a possible solution. The electronic structures of 
the amino acids inserted in the spike (S) protein are given in Fig. 1. 

On oxygen and nitrogen atoms, free electronic doublets may be 
involved in semi-polar bonds with copper ion, yielding a formation of 
chelated copper structures. This chelation is possible either with each 
single amino acid from the spike (S) peptide insert (-P-R-R-A-), or with 
several of the four amino acids in a single virus sequence. It is also 
possible for copper to bind with several amino acids from a second 
nearby viral molecule. (Fig. 2). 

This copper chelation of the four amino acid inserted in the spike 
region could be schematized as follows (Fig. 3). 

Concerning mutations for COVID 19, it appears that variants of 
SARS-CoV-2 result from amino acid exchanges on virus surface proteins 
and that copper complexation of these surface amino acids might also 

hinder virus penetration into pulmonary cells. In a paragraph below, 
“thermodynamics on copper amino acid complexes”, considerations on 
stability constants for the twenty exchangeable proteinogenic amino 
acids demonstrate that this copper complexation leading to highly stable 
chelates will always be possible, even with viruses that have mutated. 

A possible copper aerosol treatment for SARS-CoV-2 variants. 

Since the beginning of the pandemic COVID-19, several deletions 
such as Δ69/70 in Denmark, Δ144/145 in Great Britain, or Δ242/244 in 
South Africa have been reported and throughout the world a number of 
SARS-CoV-2 mutations have been identified, such as the Chinese mu
tation H49Y in which a histidine amino acid has been substituted for a 
tyrosine residue on position 49. In the United States of America, similar 
substitutions have also been found for example in G476S and V483A 
variants where glycine and serine have been exchanged on site 476, or 
valine and alanine on position 483. In the Californian L452R variant an 
arginine substitution for leucine has been reported on site 452, and in 
the New York variant S477N, serine and asparagine have been swapped 
on site 477. In Brazil and Hawaii in the mutant E484K a glutamic acid 
has been exchanged with a lysine residue on site 484 and in Nigeria a 
P681H mutant able to increase S protein production by infected cells, 
has been identified with a proline histidine exchange on 681 position. In 
Europe three main mutations have been detected V367F, D614G and 
N501Y with a valine-phenylalanine substitution on position 367, a 
glycine-aspartic acid exchange on 614 or asparagine-tyrosine mutation 
on 501 sites. This last variant, which was reported in England in 

Fig. 1. The amino acids inserted in the SARS-CoV-2 spike protein junction. The 
bold hyphens indicate the presence of free electronic doublets on nitrogen or oxy
gen atoms. 

Fig. 2. Copper chelation of the amino acids inserted in the SARS-CoV-2 spike 
protein junction with a single virus or with a second nearby virus molecule. The 
red bold hyphens indicate the presence of free electronic doublets on nitrogen or 
oxygen atoms and pink arrows semi polar bonds to copper. 

Fig. 3. Possible effects on SARS-CoV2 structure by Cu-aerosol treatment. The 
arrows represent possible semi polar bonds from amino acids to copper. 
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December 2020, with supplementary mutations in Australia and New 
Zealand such as K417N (lysine to asparagine on site 417) or E484K 
(glutamate to lysine on site 484), appears to be responsible for an in
crease in contagiousness and speedier transmission of the disease. In the 
same way since October 2020, a double mutation L452R and E484Q has 
been reported for the Indian variant B.1.617 which was responsible for a 
record in contamination in this country. In more, all over the world since 
the beginning of 2021, for B.1.617 species, other mutations and de
letions increasing transmission, infectivity and viral virulence have been 
described, such as a double substitution L452R and T478K two simple 
substitutions P681R and T19R and a double deletion (157–158 Δ) in a 
virus known as the delta viral variant. More recently in the B1.1.529 
new variant “omicron” first detected in november 2021 in southern 
Africa no less than twenty mutations or deletions have been found such 
as N501Y asparagine-tyrosine exchange able to increase viral 
transmission. 

While virus mutations during multiplication is a frequent phenom
enon one may wonder whether or not the mutation might be able to 
modify the efficiency of vaccines developed from the original SARS- 
CoV-2 virus if these vaccines are prepared against sequences from re
gions likely to give rise to mutations. Questions can also be asked about 
the copper amino acid aerosol treatment proposed in the present paper 
as a mean of impeding SARS-CoV2 replication. The answer to this sec
ond question will be given when considering the stability constants for 
copper (II) amino acid complexes. 

Thermodynamics on copper amino acid complexes 

On compiling the scientific literature about the subject, one can find 
that the values given for these stability constants had not the same 
meaning according to all researchers. We found that log β2 could be the 
stability constant relative to equilibrium II only or relative to the two 
successive equilibria I + II. (see paragraph above) Though side chains 
might be involved in copper amino acid chelation, we have chosen to 
report on Table 1 the global stability constant for the succession of 
chemical equilibria I + II. It leads to the formation of the complex [Cu- 
(AA)2] with a resulting stability constant being the product of the sta
bility constants K1 and K2. This makes possible a comparison between all 
the proteinogenic amino acids that might be exchanged in SARS-CoV-2 
variants. 

On examining these data, it appears that stability constants for these 
very highly stable copper complexes are in the same magnitude order 
whatever the amino acid indicating that substitution of an amino acid 
for another will not affect the copper chelation of amino acids in the 
spike region. 

Concerning the N501Y “English mutant”, an asparagine residue has 
been substituted for a tyrosine amino acid in position 501, and we are 
convinced that a such amino-acid substitution on the spike protein site 
will not affect the effectiveness of a cupric aerosol treatment. The sta
bility complex constant log β = 14.29 [11] for copper asparagine and log 
β = 17.53 [6] for copper tyrosine, leading to a more stable copper 
chelate, indicate that the copper aerosol impeding of the spike furin-like 
cleavage will not be disturbed by this amino acid exchange in the spike 
region. In the same way, in the New York variant S477N where serine 
and asparagine are exchanged on site 477, it appears that copper che
lation will not either be hindered in an aerosol treatment since stability 
constants log β = 14.29 [11] for copper asparagine and log β = 14.01 
[15] for copper serine are almost identical. 

In the Indian variant B.1.617 already found in april 2021 in Europe, a 
mutation has been reported between a leucine and an arginine residues 
(log β = 14.69 and 13.66 respectively) on site 452 and a swapping on site 
484 between glutamic acid and glutamine (log β = 14.91 and 13.40 
respectively). More recently in France a variant derived from clade 19B 
known as “Henri Mondor variant” circulates in different regions of 
France [16]. In this variant two deletions have been described and 
among eighteen amino acid exchanges, only eight substitutions have 
been found in the spike protein domain. In this spike region, the 
substituted amino acid with the lowest copper chelate stability constant 
has been observed in a N501Y asparagine-tyrosine mutation (log β =
14.29 and 17.53 respectively) similar to the above English mutant. 
Concerning the amino acid exchanges observed for the Henri Mondor 
mutant and the Indian variant, stability constants for copper chelates are 
all of the same order of magnitude and over than 1013. This fact indicates 
that such mutations still leading to highly stable copper complexes will 
not be able to hinder the copper aerosol viral replication blocking. 

Copper aerosols and nasal sprays for improved breathing 

In France, copper-enriched hypertonic or isotonic nasal sprays have 
been proposed to improve breath in case of colds, rhinitis or sinusitis. 
The main salt in these aerosols is penta-hydrated copper sulphate and 
the inhaled volume for each spray is estimated at 0.3 mL. These nasal 
sprays are widely used and perfectly tolerated and no annoying dele
terious effect has ever been reported as requiring a report to pharma
covigilance services. 

Concerning pulmonary diseases, it has also been shown that a copper 
deficit might be responsible for emphysema and clinical trials involving 
copper-heparin inhalation have been proposed by a Dutch team to 
restore better breathing [17]. It should be noted that no deleterious side 
effect has ever been reported with this type of copper heparin treatment. 
Moreover, inhalation experiments with nebulized 99mTc-heparin have 
demonstrated that deposits in the lungs seem to be remarkably low and 
that less than 15% of the nebulizer charge reaches the mouth, while 
7.6% reaches the lower respiratory tract [18]. Though heparin antico
agulant properties have been used for treatment of SARS-CoV-2 infec
tion [19], copper-heparin inhalation would probably not be the best 
choice for complexing the four amino acid insert (-P-R-R-A-) in the spike 
(S) protein site. In fact, the stability constant in heparin copper complex 
formation is log β = 4 [20], meaning that it is not a very strong stable 
copper chelate, and though copper might possibly be exchanged from 
copper heparinate and chelate the four amino acids inserted in the SARS- 
CoV-2 spike protein junction, it would be better, to introduce copper 
near the virus in its free ionic form Cu++ in order to avoid competitive 
chelating reactions. 

Considering these two applications of “copper aerosols” for 
improved breathing, it appears necessary to determine the best copper 

Table 1 
Stability constants formation for copper cupric amino acid complexes.  

AMINO ACID  log β = log (K1 . K2) Reference 

Alanine A 15.85 [9] 
Arginine R 13.66 [8] 
Aspartic acid D 15.9 [10] 
Asparagine N 14.29 [11] 
Cysteine* C * [12] 
Glutamic acid E 14.91 [8] 
Glutamine Q 13.4 [8] 
Glycine G 13.9 [9] 
Histidine H 17.5 [13] 
Isoleucine I 14.68 [8] 
Leucine L 14.69 [8] 
Lysine K 13.7 [14] 
Methionine M 14.08 [8] 
Phenylalanine F 17.56 [6] 
Proline P 17.83 [6] 
Serinddde S 14.01 [15] 
Thddreonine T 14.01 [8] 
Tryptophan W 15.32 [8] 
Tyrosine Y 17.53 [6] 
Valine V 14.25 [9]  

* It is not possible to give a value for a cupric-cysteine complex formation since 
Cu++, subsequent to a dismutation process, oxidizes the cysteine thiol group into 
cystin. A stability constant about log β = 10 is given for a cuprous Cu+ cystein 
complex [12]. 
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salt for a COVID aerosol or nasal spray treatment. On the earth, copper is 
found in various chemical forms: inorganic, organic or complexed salts. 
Inorganic copper salts such as sulphate or chloride result from neutral
ization of Cu(OH)2, a weak base with strong acids. Inorganic copper salts 
are subjected with water to hydrolysis and to resultant “strong acid” 
liberation in the medium. This factor can explain the toxicity of these 
mineral salts by corrosion of mucous membranes. In organic soluble 
salts (malate, lactate, pyroglutamate, gluconate, acetate), the metal is 
bound to weak organic acids such as those found in food. In these forms, 
copper is well-assimilated and basic acid balance depends on the pKa of 
the organic acid. The third form of copper is complexed with amino 
acids or chelating agents and has no effect on basic acid balance. 

Concerning copper homeostasis, it has been estimated that a daily 
intake of 0.75 mg can maintain a stable copper balance in a 70-kg adult 
[21]. In humans, copper toxicity depends on its chemical nature and the 
route of exposure. Copper is a respiratory irritant and inhalation expo
sure may cause irritation of the respiratory tract, including corrosion of 
mucous membranes [22]. Other signs and symptoms of inhalation 
exposure to copper salts include congestion of mucous membranes and 
ulceration of the nasal septum [23] and the oral emetic dose for copper 
sulphate is 250 mg [24]. Subsequent to these different studies, the safe 
upper limits for copper intake have been set at 10 mg/day for women 
and 12 mg/day for men [25]. 

Hypothesis evaluation 

Choice of copper acetate for an aerosol COVID treatment 

In order to complex with copper, the four spike-insert amino acids 
(-P-R-R-A-), inorganic copper salts are to be avoided, insofar as subse
quent to hydrolysis they may release strong acids and attack the pul
monary mucosa. Moreover, copper amino acid complexes are destroyed 
in an acidic medium whereas on the contrary dissolved copper Cu2+ has 
a high affinity with α-amino acids in neutral and alkaline aqueous en
vironments [26]. Copper complexes should likewise be avoided since 
nothing is known about the stability constants of copper with the four 
amino acid peptide (-P-R-R-A-) in the spike insert. It will result the 
formation of a more stable copper complex between the (-P-R-R-A-) 
insert and the copper chelate added within the aerosol. 

Finally, in light of these informations, the best choice to hamper 
SARS-Cov2 replication is to select copper salts yielding copper in its 
ionic form Cu++ in solution. This will be possible with organic acids such 
as acetic, gluconic, lactic, pyroglutamic, or malic acids (pKa = 4.76, 
3.86, 3.86, 3.61, and 3.46 respectively), which are naturally found in the 
body, possibly limiting their toxicological effects. In this way, in vitro 
with gluconate salt on concentrations above 200 µM, it has recently been 
shown [27] that copper was able to mitigate SARS-CoV-2 infection in 
Vero E6 cells though this effect is abolished in solution in the presence of 
albumin. In fact copper gluconate wouldn’t be the best choice for use in 
a copper treatment since the stability constant for copper gluconate is 
log β = 36.6 [28]). A quick calculation for a 200 µM copper gluconate 
solution indicate a free copper Cu++ concentration about 5.8 10− 13 M, 
demonstrating that copper will not mainly predominate in the free ionic 
form Cu++ in such solutions. This value log β = 36.6 is much higher than 
those for copper amino-acid chelates (Table 1) meaning that it will not 
be possible to exchange this metal from copper gluconate for chelating 
amino acids in the SARS-Cov2 spike virus region. Concerning all the 
organic acids mentioned above, on the other hand it appears that acetic 
acid having the greatest pKa will present the least aggressive acidic 
properties against the mucous membranes, and probably the fewest 
toxicological effects. In more the stability constant log β = 1.76 for 
copper acetate [29], allows copper to be mainly in the free ionic form 
Cu++ in solution. A similar quick calculation as made for a 200 µM 
copper gluconate indicate for copper acetate in solution a free copper 
Cu++ concentration about 3.05 10− 3 M altogether compatible with 
chelation of amino acids in the virus spike region. 

Experimental data 

In order to verify the possible toxicological acidic effects of a copper 
acetate aerosol on the respiratory tract, we have measured the pH of an 
isotonic (NaCl 0.9%) copper acetate aerosol solution prepared according 
to the safe upper limits for copper (12 mg/day for men [25]). For a 
copper acetate aerosol treatment, it can be estimated that a maximum 
volume of 10 mL of aerosol may be inhaled daily. This will occur with an 
upper limit for copper of 12 mg/day for men to a maximum concen
tration of 1.2 g copper per liter in the nebulizer aerosol solution. 

Since the measured pH of a such solution (pH = 4.32) is not 
compatible with a physiological aerosol treatment we have tried to 
enable a pH increase, without copper hydroxide Cu(OH)2 precipitation, 
by diluting and alkalizing the isotonic copper acetate solutions. The 
relevant results are given in Table 2 and the corresponding volumes for 
safe upper limits of copper (12 mg/day) in humans have been 
calculated. 

Since skin pH approximates pH 5.5, it appears possible to use copper 
acetate solutions in aerosol nebulizers or nasal sprays. For copper acute 
toxicity by oral administration in rats, a lethal dose LD50 of 501 mg/kg 
has been given for copper acetate and 1710 mg/kg for cupric gluconate 
[30].Transposition of this copper acetate value for a 70 kg man result to 
a 35 g copper acetate lethal dose. 

In a commercial hypertonic copper nasal spray solution with a given 
inhaled volume approximating 0.3 mL for each inhalation, we have 
measured a pH = 6.49. A quick calculation with a copper acetate aerosol 
spray solution 0.1 g/L in copper, demonstrates that it needs between 
three and four hundred inspirations a day to reach the maximum safe 
upper limit for a daily copper intake (12 mg/day [25]). For nebulizing 
aerosol solutions, analogous calculations can allow an estimation of the 
optimal duration of a safe aerosol session. 

In the future, subsequent to mutations, it will probably be possible to 
SARS CoV-2 to be modified by amino acid exchange in the spike region 
leading to new viruses variants. It will then be necessary to verify with 
the new variant mutations if the stability constant with another amino 
acid still matches with a highly stable copper complex able to impede 
the SARS-CoV-2 replication by copper aerosolization. This could be done 
by consulting the above Table 1 or better the compilation tables on 
Stability constants of metal-ion complexes [31]. 

Consequences of the hypothesis and discussion 

In conclusion, since the objective of copper acetate aerosolization is 
first to impede SARS-CoV-2 replication, it is clear that such a treatment 
may lead to clinical perspectives that are not in opposition but com
plementary to vaccination. While the herd immunity expected from 
mass vaccination of the population will not be possible before several 
months, for lack of vaccine and virus mutations, it appears that copper 
acetate aerosol or nasal spray treatments, could also help in the fight 
against virus spread. Though copper is a constituent of physiological 
proteins such as ceruloplasmine, copper enzymes or redox proteins, it 
must also be noticed that it may have toxicological effects towards 
macromolecules and RNA [32]. Copper acetate, beeing a salt from a 
weak acid, is however not subject to strong acid hydrolysis and has 
consequently a low toxicity. It overcomes aggressiveness towards 

Table 2 
How to increase pH for copper isotonic aerosol acetate solutions without copper 
hydroxide precipitation.  

isotonic copper 
acetate Cu g/L 

measured 
pH 

Cu(OH)2 pH 
précipitation 

volume corresponding to 
12 mg Cu daily  

1.2  4.32  5.23 10 mL  
0.5  5.30  5.82 24 mL  
0.25  5.63  6.17 48 mL  
0.1  5.97  6.30 120 mL  
0.05  6.42  – 240 mL  
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mucous membranes due to strong acid liberation in the upper pulmo
nary tract as may occur with mineral salts such as copper sulphate. In 
solution, copper acetate predominates as free Cu++ ions that facilitate 
the copper complexation of amino acids inserted on viral proteins. The 
compilation of stability constants for copper amino acid complexes 
demonstrates that amino acid exchanges such as those observed for virus 
variants will not disturb copper amino acid complexation in the virus 
spike region. 

Since we have shown that a copper acetate nasal spray 0.1 g/L in 
copper corresponds to physiological pH values and requires between 
three and four hundred inspirations a day to reach the maximum safe 
upper limit for a daily copper intake, such a copper acetate solution (0.1 
g/L copper) could be used for safe aerosol treatments and to an even 
greater extent in nasal spray filling for asymptomatic positive COVID 
patients in order to impede virus dissemination.This might complement 
vaccination in an effort to definitively eradicate COVID 19 and help a 
return to a practically normal life 
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[1] Hoffmann M, Kleine-Weber H, Pöhlmann S. A multibasic cleavage site in the Spike 
protein of SARS-CoV-2 is essential for infection of human lung cells. Molec. Cell 
2020;78(4):779–84. https://doi.org/10.1016/j.molcel.2020.04.022. 
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